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water than the individual fish, whereas, at
nipht, the najocity of fish obscrved woro at
shallower depths.

CONCLUSIONS

The technique described above for deter-
mining spatial and thermal distribution of
fish near heated discharges has heen found
to be useful, although there are limitations
and areas for refinement, The effectivencss
of the echo sounder niewr the suefoce and in
shallow water 18 limited heeause of the smail
smupling volume in the sonie cone near the
transducer and uncertainty as to the effect
of the proximity of the towed vehicle and
vessel on the behavior of the fish. Also, an
echogram recorder with a shorter range
(0-50 ft) would be more useful for working
in shallow water,

Fish near the surface may be detected with
side scanning sonar equipment, but side
scanning methods are difficult to quantify
even under ideal conditions (Smith, 1970).
These methods are impractical i the pres-
ence of a thermal gradient, due to resultant
scattering effects. Detection of fish near the
surface could also be accomplished with bot-
tom mounted transducers facing vertically
upward. Upward-looking acoustic systems
with electronics located in buoys are being
developed for sockeye salmon assessment 1n
Alaska (Hartt et al., 1972). Fixed location
systems have several disadvantages, including
~small sample size, lack of continuity between
stations, and lack of direct correlation with
thermal mapping. However, the use of bot-
tom-mounted systems in critical locations to
supplement the surveys with the towed system
and thermal mapping would provide infor-
mation on the distribution of fish near the
surface, as well as providing continuity be-
[ween surveys.

The species composition of fish targets 1s
not derived directly from the acoustic data
and must he oblained independently from nei
samples. Size composition, which may alse
be useful for identifying fish targets. can be
obtained from analysis of echo amplitudes
(Thorne, 1972), However, a large number of
observations are required to extract size in-
formation from echo amplitudes. Thus, prac-

tical application of acoustic techninues fy
szt determinalion must swait completion o
computer processing systems for this purpos
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hrvitgh the origin) of catch {C)} on effort (F) is
slated to the mample mean colch rate (h, the wope
o the regression of C on ¥},

Catch rate is usually expressed as number
of lish per unit effort in sport fishery surveys.
Calculation of mean catch rate (for a riven
specics, sampling location, and period of time)
s equivalent to fitting a straight regression line
drough data points representing measure-

ments of cateh, G, and effort F, and through

e aryrm (), (), ﬂﬂﬂnr{]illg to the fuﬂnwing
relationship:

C=8F+¢

Rhen F = 0, it follows that C = 0, but with
F > 0, C may be either greater than or equal to
wro, The mean catch rate, B, is estimated by
the sample slope, b, of the fitted regression
ne. Snedecor and Cochran (1967) present

- three different estimators of the slope of such

lines. Which of these three estimators is ap-

~propriate depends upon the distribution of the
- residual, e, Grosslein (1962) has discussed

~iwo of the estimators in his analysis of sport
. fishery data.

The sample mean square residual, s,. (2, for

o the regression of C on F is related to the
§ ~ mmple mean catch rate by a simple power
.. function (see examples, Table 1),

WP Y I

m which “a” is essentially a scaling factor
dependent upon the units of measurement of
(. and F, and “z" is an index of aggrega-
tion characteristic of the population (Taylor,
1961). Both “a” and “z” are determined em-
pitically, Methoda for ealeulation of such
power Tunctions are discussed by Pienaar and
Thomson (1969} and Glass (1969). This de-
pendenee of the mean square residual on the
mean caleh rate presents a problem in applica-
Hon of the sanple size formula,

in which ty is “Student’s t” at the percentage
conflidence level equal to 100(1 — a), and L is
the “allowable error” (Snedecor and Cochran,
1967). Since the mean square residual is de-
pendent upon the mean catch rate, sample size
15 also dependent upon the mean catch rate.
To reduce the effect of such dependence of
sample size on the mean catch rate, the “allow-
able error” can be expressed as a proportion,
p, of the mean catch rate, b (Grosslein, 1962),
instead of a chosen constant. Thus L. becomes
dependent upon b,

L =pb
When ab* is substituted for s..?, and pb is

: e g Correlation Standard
. ) N s Intercept, Slope, Number coefficient, deviation
Sample Size in Sport Fishery * § - _ log,,a z of months r from regression
Suweygl o B imapper ( Lutionus grisctis) o
S s e @ sw o
CHARLES W. CaILLOUET, Jr. & F . Weekday fishermen 0.3860 1.62 o 0.39 0.2740
. \ R Redtted seatrout ( Cynascien nebulosus) ' 024l 7 n.88 U.2941
Gulf Coastal Fisheries Center . ° % &1 Weekend fishermen 0.4479 1,6781 109 0.90 g
National Marine Fisheries Service 1 B qetter fishermen 0.2475 1.8540 85 0.92 0.202)
Calveston, Texas T7550 i Mmmﬂgﬁfg’?&?;;;acgﬂgﬂﬂ 0.4800 1.8748 a7 0.59 3.2769
- &% Weekend fishermen 0.4535 1.6353 108
| JAMES B. HiGMAN T e %‘;’ﬁﬁﬂ. fishermen 0.2764 1.6995 85 0.57 03704
Rosensticl School of Marine and A.!rfmspﬁfﬂf __.__ ¥ Tmen _:1- 1.6964 O}1- 0.96 _‘_G.EEEB
Science, University of Miami ¢ T i! and s, .2 were monthly valves calculated From Fishing party interviews as follows:

Migmi, Florida 33149

ABSTRALT

Described 3s 8 method for estimating sample o - 27

(n) in sport fishery surveys in which lhe
mean syuare residual  {sc.e%)

Miami, Florida 33149,

for the tEEfﬂ'“_-f :
-‘“"“ which L) was the eatch (numher of individnals) of a given species by the ith fishing party, F, was the number of

1Sci. Con. No. 1608, University of Miami, Ko &
" stiel School of Marine and Atmospheric '

-

b=[ % (C,/F,})/n
1=1

Beug® = {:% (C/Fy)*- [léfnlﬂ?t}}“fﬁ}r’(n— E)

man-haurs of effort by the ith fishing party, and n was the numher of fishing parties interviewed in a given month.

rt!-;; Iishetmkfln l:at:!lgﬂl'? fafi ﬁ:}mpnsed of fishermen wha fished €fromy chartered vessels, on either weekdays or
. The weekday and weekend fishermen categories were comprised of fishermen who dj
nly nen-zero values of- b and s_ ,* were used in the calculations. M not fish from chartered
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substituted for L, the sample size formula be-
comes,

n = tfab™p2h-=

For z > 2, the estimated sample size would
increase with increase in the mean cateh rate,
and for 0 << z < 2, sample size would decrease
with increase in mean catch rate. This devia-
tion of z from 2 has pronounced effect on

sample size, especially for 0 < b<1. For
z = 2, sample size would not depend on the
mean catch rate.

A further simplification can be obtained if
the standard deviation from regression, Scr,
is related to the mean catch rate, b, as a direct
proportion (see Snedecor and Cochran, 1967.
for fitling straight lines through the originj,
in which the coefficient of propertion “d” is
determined empirically,

S f d]:!

In this case, d®b2, is substituted for s.,® in
the sample size formula,

n = ta2d2b%p2bY,
which reduces to
n=— tuﬂdﬂpaz,

in which sample size does not depend upen

the mean catch rate,
Values of « and p can be manipulated to

estimate sample sizes, allowing measurement
of mean catch rate to the desired levels of
confidence and relative precision.
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A Versalile and Inexpensive
Variable Voltage Pulsator for
Electrofishing

E. N. Smiry, B. J. VENABLES,

AND O, T. LanD

Department of Biology and The Institute
of Environmental Studies, Baylor University,
Waco, Texas 76703

This presents a circuit description and parts
list for an easily assembled, inexpensive van:
able voltage pulsator for electrofishing. Pulsed
direet current is one of the most eflective
techniques for the capture of centrarchid fiches
(Lagler, 1968). A variable voltage pulsator

(VVP) connected between an AC generater

and the electrodes rectifies the AC voltage and
produces a pulsed DC of variable voltage and
pulse rate. The VVP has been an expensive
part of earlier electrofishing rigs costing irom
$300-8$400 (Stubbs, 1965). We have ron
structed an easily assembled, versatile, variable
voltage pulsator for about $100.

This VVP has the following modes of opers
tion and characteristics: (1) AC 0-150V, 0
amps, (2) half-wave DC 0-150V, 10 amps, 60
cps. (3) pulsed DC 0-150V, 10 amps, 15, 3ll
or 60 cps. Automatic short circuit protectios
is included.

CIRCUIT DESCRIPTION

Power from the AC gencrator passes thmﬂgﬁ

the on-off switch (S1) and line fuses (Fl and
F2) to the variable autotransformer {T1) and
fan fuse (F3) (I'ig. 1).

sink on which are mounted diodes D2, D3, and
D4. The variable output voltage from the
auiotransfiormer passes thrﬂugh the Elﬂﬂm‘*

Power from B3
operates the small shaded pole axial fan used ¥
to cool the power resistor (R1) and the hes

SHORT PAPERS AND NOTES

i FictRe 1.—Circuit description for variable voltage
% palator for cleetrofishing
= Gl 250 mld, 50 volt electrolytic capacitor
S O I mid, 50 volt mylar caparitor
D1 400 volt 1 amp diode (1N2070)
112 Silicon power regulator, 10 watt, 20 volt,

mounted in heat sink. (1N1820)

3 Thyristor, 16A, 300 V, (2N687), mounted
in heat sink.

1 Silicon power diede 35A, 300 V (IN1187)
mounted in heat sink.

f 10A fuse

¥2 10A fuse

F3 1A fuse

Fi A fuse

Ll Neon Lamp

H1 15 amp alternating current meter

M2 150 volt alternating current volt meter

| Three wire line cord and 3 prong AC plug.
(1 Unijunctions transistor (Z2N1671B)

Rkl 2 ohm 800 watt (4 each 2 chin 200 watt
resistors connected in a paralle] series
arrangement) mounted so air from the
fan circulates over them.

R2 1000 ohms 10 watt wire wound resistor
k3 150 ohxn Y2 watt carbon 10% resistor
Rf 10K ohm %% watt carbon 0% resistor
- Ko I meg linear 2 watt variable resistor
¥ Rb 470 ohm 14 watt carbon 10% resistor
£ K 100K ohm % watt carhbon 10% resistor
£ R 10 ohm 1% watt carbon 109 resistor
1 K 100 ohm 1% watt carbon 109 resistor
 § {1 100K ohm 14 watt carbon 109 resistor
£ 81 double pole single throw 10 amp toggle
. swilch
L R - ‘single pole double throw 1 amp toggle

g 53 | switch
3. " | isinglﬂ pole three position 10 amp sclector
§ - n awitch
‘ 10 amp variable autotransformer (Staco
2PF1010}

i T

§ Wd the output voltage from the autoirans-

3 brmer can be monitered on the voltmeter
- $:M2). The meter switch (82) selects the de-

i,

5

¥ i“d voltage to be measured.
fuse (F'4) and current meter {M1) 1o D3, DL
and the AC position of the function switch
(S3). The AC generator output line voitage .

3 & In the AC mode, the output from the auto-
- Wnsformer is applied directly to the electrodes
§ b the function switch. Lamp (L1), electri-

L
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cally in parallel with the electrodes, indicates
the presence of power.

For DC operation only the positive half
eycles are applied Lo The electrodes by the
reclifying diode {1)4) when the selector switch
is in the IC position, This applies pulsating
60 cycle DC to the electrodes.

For pulsed DC operation the selector switch
is placed in the pulsed mode and the thyristor
or silicon controlled rectifier (1)3) is con-
nected to the clectrodes. The thyristor is trig-
cered by the unijunction transistor (UJT)
oscillator (Q1). The DC supply voltage for
the UJT oscillator is obtained from the half-
wave rectifier (D1} and filter capacitor (Cl}.
The ziener diode (D2) regulates the voltage at
20 volts with R2 limiling the rcurrent to a
safe value. The frequency of oscillation is
determined by the timing capacitor (C2) and
the combined resistance of R5 and current
timiting resistor R7. RG is a current limiting
resistor for the UJT. When Q1 conducts, C2
is discharged through limiting resistor RO
causing a positive voltage at the junction of
current limiting resistor (R83 and R9 which
turns on D3.

The oscillation {requency can be adjusted
for firing at 15, 30, or 60 cycles per second.
Resistor R3 couples enough AC signal to as-
sure easy synchrony with the line voltage
making it possible to vary the DC pulse width
as well as frequency of output.

Our curcuit is similar to that described by
Moore (1967} but offers the following advan-
tages: (1) heavier duty, {2) three modes of
operation, {3} variable voltage.
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